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(54) On-line calibration aystmi lor a dynamically varying color marking device 



(57) A color marking device including a control sys- 
tem tor calibration of the device based upon dynamic 
color balance contnsl of an output image. The system 
comprises a front end converter for converting an Input 
signal representative of a target image comprising a 
preeelected color Into a device-dependent control signal 
in accordance with a device TRC, a color marking de- 
vice for outputting an output image In response to the 
control signal, a sensor for measuring a parameter from 
the output Image representative of a TOk>r of the output 



image, and, a point-wise controllerfor comparing thepa- 
rameter with a corresponding parameter from the target 
image and constructing adjusted controlled points for 
the device TRC when the measured parameter and the 
conesponding parameter vary by a preselected value, 
a color balance controller for constructing an adjusted 
device TRC from the controlled points, whereby subse- 
quently generated output Images are output with the ad- 
justed device TRC and, more aocurately represent tar- 
get input images. 



CM 
< 
00 

to 
m 



m 




FIG. I 



Prinlad by Jouva^ TSOOl fWRIS (pR} 



PAGE 4/29 * RCVD AT 6/22/2006 6:29:35 PM [Eastern Daylight Time] * 8VR:U8PTO-EFXRF-S/14 * DNI8:2738300 * C81D:360 212 3060 * DURATION (mm-ss):11-30 



O-G/22/2006 



02:54 PM 



HP La<al. Vancouver 360 212 3080 



5/29 



EP1 152 598 A2 

Description 

Fteld of the Invention 

5 [0001] The subject Invention pertains to the art of color management and image/text prindng or cfisplay systems, and 
is especially applicable to a ntethod and apparatuswherein a sensor monitors acolorprintoulputfor on-line construction 
and^or ac(|U8tment of a Tone Reproduction Curve fTRC") for device operation. More particularty. the invention relates 
to system controls for calibrating the device by simply monitoring and adjusting color balance for accuracy and by 
controlling corresponding TRC points. A full color TRC can be accurately estimated from the accurate and controlled 

10 TRC points, wheietiy on-line calibratian can be realized in a much more expeditious and efficient manner. 

[0002] Color correction and/or control should not beconfused with color registration systems and sensors for insuring 
that colors are positioned properly, printed accurately, superposed correctly and/or adjacent to one another. 

Background of the Invention 

IS 

[Q003] In toda/s business and scientific world, color has become-essential as a component of communication. Colo r 
facilitates the sharing of knowledge and ideas. Companies involved in the development of digital color prim enginee 
are continuously looldng for ways to improve the total image quality of their products. One of the elements that affects 
image quality is the ability to consistently produce the same quality Inruige output on a printer from one day to another, 

so from one week to the next, month after morth. Users have become accustomed to prfnters and copterB that produce 
high qualfty color and gray-scaled output. Users now expect to be able to reproduce a color Image wOh consistent 
quality on any compatible marking dswk», Induding an other device within an organization, a devtee at home or a devtee 
used anywhere else in the worid. There has been a k>ng felt commercial need for efficiently maintaining print cok>r 
predictability, particularly as electronte marketing has placed more importance on the accurate representation of mer- 

2s chandise In illustrative print or display media. 

[0004] Description of color, cotor perception and psychological and physiological phenomena Involving light, object 
and observer, including color measurements using spectrophotometers are described in R, W. G. Hunt, The Repro- 
duction of Color in Photography, Printing and Television'. Fourth Edition. Fountain Press, Toiworth, England 1987 ISBN 
0-8524-2356. 

3o [0005] The functional models presented In this specification use a device Independent color space to consistently 
track a set of target cotors. L*. a*. b* are the CIE (Commission Internationale de L'dclairage) color standards utilized 
in the modeling. L* defines lightness, a* corresponds to the red/green value and b* denotes the amount of yellow/blue, 
which corresponds to the way people perceive color. A neutral color is a color where a* = h* = 0. 
[0006] Overtime, the output of conventional marldng devtees drift (ordevlate^m predetermined optimum standards) 

35 due to various factors. These factors include environmental conditions (temperature, relative humidity. etc.)> use pat- 
terns, the type of media (e.g., different paper types and paper batches, transparencios, etc.) used, variations In media, 
variations from original models used in inltiafizatlon, general wear. etc. When a maridng device Is originally Initialized, 
and at regular or iregular intervals thereafter, it is calibrated and characterized to produce output as close as possible 
to a reference standard. The full calibration end characterization process, however. Is time consuming and expensive, 

40 partk:ularly because specific expertise Is required, 

[0007] As an example, calibration and characterization of a conventional four-color (cyan, magenta, yellow and black) 
printer or copier involves at least the foitowing processes: (1 ) generating a 3D look-up table (LUT) lor mapping dovfce 
independent parameter space to CMY (cyan-magenta-yeltow) space; (2) executing a GCR (gray component replace- 
menQAJCR (under color removal) strategy to convert the CMY apace parameters to CMYK space parameters which 

45 represent the colors of a typical four-color marking devk»; (3) constnicting marking device TRCs (tone reproduction 
ounras) to account fbrmartdngdevteevarlabilEtles (nonmally done at the time of manufacturing or whenever the printer 
cailbratton and charactarizadon process Is Involved); and (4) applying a suitable half-toning strategy to convert the 
CMYK continuous tone description obtained after using the 3D LUTs in steps 1 and 2 above and 1D LUTs in step 3 
above, to the image, to a binary description (e.g.. bits to be received by a raster output scanner or similar devbe for 

so outpuning the bnage). 

The first two steps are generally grouped under printer characterization. The third step is nonnaily called cafibration 
for the purpose of the subject inventk>n. 

[0008] In processing the Image, the critteai step that accounts for variations in maridng device output is TRC con- 
struction. TRCs are stored plots of an Input parameter value versus an output parameter value for a partk:ular color, 
S5 A TRC Is a monoionteally increasing marking davk:e function in Input-output contono space or input-output density 
space or input-output byte space, or combinations tiiereof. In other words, a TRC Indicates the value of the output 
parameter for a specific device that must be used to reproduce the input parameter (If the Input and output parameters 
are exactly equal, then the Inputs and outputs are expressed In the same coordinate space). Inaccuracies in the TRC 
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oonstructlon step can lead to inaccuracies in color balancing and the 3D LUT. 

(00091 Obtaining TI^ for a partlcufar color rr^arWng engine Is a calibration process, which can be constructed by 
printing predetermined target colons and measuring the printed target colors using insitu color sensors. Predetermined 
target colors can be printed as chronoiogicaJ jobs In the b^ner sheet/header sheet or else the target colors can be 

s extracted from the ciistomer Image and nrieasured either by measuring straight from the output Image or by rendering 
subsets of customer colors as target color patches in banner or header pages, (c.f. copending Xerox application D/ 
9951 1Q1 - L K. Mestha, Inventor, for a control system using dual mode banner color test sheets, herein Incorporated 
by lel^renoe.) Using the target colors and their measured counterparts, and by pmcassing the measured colors, TRCb 
are actuated on-line at some desired Intervals or on request during systern or color balance set ups. 

10 [0010] Generally, obtaining ID TRCs is associated with achieving neutral gray balance. Grayness Is an Indication 
of how '^lean" a process color Is, compared to its theoretical ideal. Good grny has zero chroma [that Is, a* - 0 = b*). 
When equal amounts oT cyan, magenta and yellow are printed on a wtilto paper, a well balanced printer should produce 
a neutral gray of the same amount. Instead, abrownish color ratherthan a neutral gray may regularly occur. The system 
will not produce the desired gray due to various limitations on color plgnionts of the primarfes and the Internal processes 

19 of the print engine. To overcome this effect, gray balanced TRCs are used as one<limanslonal LLTTs to modulate the 
amount of cyan, magenta and yellow proportions depending on the state of the materials and the print engine. The 
TRCs are obtained printing large number of patches, mostly near neutral. In the methods practiced by the cotor 
reproduction industry, colois are measured using offline spectrophotometers and measured quantities are then mod- 
ified, genemlly, by using model tiased algorimms to produce the desired gray balanced TRCs. Usually this process of 

so printing and producing TRCs Is iterated several times until satisfactory results are obtained. This type of approach is 
time consuming and expensive due to the use of machine models and offline spectrophotometer hardware. 
[0011] The subject invention is particuiaily useful to provide solutions to the foregoing color prokMema for a wide 
range of color workflow practices. Printing and product enhancements are provided that would enable customera to 
manipulate color documents on a screen before even prinfing^dlsplaying an output on different output devices in ways 

2S that Improve the productivity of a current workflow by taking advantages of output color sensors constructed within the 
printing devices. 

[0012] Tlie subject Invention exploits a key enabling tactor for these operational advantages by constnicting the 
TRCs for individual primaries with implementation of merely a limited dynamic color balanced control system for au- 
tomatic caifaratk>n of a full color digital printing system. 

30 

H rlef Summary of the invention 

[0013] in accordance with the present invention there is provkied a method and apparatus for quickly and econom- 
ically calibrating a dynamically varying color reproduction device utilizing a spectrophotometric device for comparing 

33 a device output from intended target input images. The target input Images could be any colors, and preferably comprise 
a range of pure black f K*) luminescence or a range of neutral grays. A spectrophotometric sensor measures the output 
signal to deteimine a relative dev\CB independent color space match between the output image and the input target 
With respect to both K matching and CMY matching. The error Is determined between the measured target colors of 
the test image and the intended target colors. Tonal Reproduction Curves ot the devk» are adjusted in accordance 

40 with the determined error to construct a set of desired and accurate controlled points for the TRC. A full cok>r CMYK 
TRC is constructed from the controlled points for calibrating the device color ou^ut more ocpeditiously and efficiently, 
wSh clearly aoceptable results. 

In a further embodiment the adjusting further comprises the sensing of neutral gray CM Y test patches for the construct- 
ing of a gray-balanced CMY-TRC. 
45 In a further en«>odiment the sensing of the neutral gray CMY test patches comprises anrangir^ KfM) and printing a 
number of mixed color patches with appropriate CMY values. 

In a further embodiment the adjusting oonrprlses the sensing of L*, a*, b* values of the test patches and adjusting a 

dl^al front end (DFE) of the device with new CMY values for generating the target neutral gray color. 

In a further embodiment the adjusting comprises mapping the TRC oontrolled points with a poM-wlse controller of a 

so color balance oontrolier. 

[0014] In accordance with another aspect of the present Invention, the sensor is disposed on line for real time con- 
struction of the full color TRCs merely by measuring color patches on test sheets or banner pages. The adjusting of 
the device TRCs are recursively effected until detected emor between measured colors and predetemnlned target colors 
diminishes to less than a predetennlned value. 

ss [0015] In accordance with another aspect of the present invention, the device TRC Is adjusted In accordance with a 
two-step process. Rrst, the sensing of black ("K'O test patches is perfonned for the constfuctton of a K-TRC. Second, 
the sensing of CMY test patches Is perf omned for the construction of CMY-TRCs. These curves are combined to form 
a CMYK-TRC used In a 0gital front end of a marking device. 
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furthermore, a system as defined In claim 9 Is provided. 

In a further embodhnent the potnt-wlse oontroller constnicts the controlled points forconprblng a one-dlnnen- 
sional TRC. 

In a further embodiment the color balance controller utilizes the controlled points for Interpolating and constructing a 
5 pluraUly of uncontrolled points, the controlled and uncontrolled points be!f>g compiled to form the one-dimensional TRC. 
In a further embodiment the color balance controller constructs a plurality of CMYK TRCs from a plurality of the one- 
dimensional TRCs. 

In a further emtxxfiment the pfedeteimined color comprises a neutral gra^ 
In a further embodiment the predetermined color comprises a multiple primary color for printing. 
10 [001 6] One advantage obtained by the use of the preeent Invention Is a dynamic color balance control system which 
can automatically caSbrate digital printing systems In an easier and faster manner than pftor known systefns. The 
calibration processes obviates operator assistance. 

[0017] Another advamaga of the subject Invention Is that the control system produces devioe TRCs uaing closed- 
looped control and sensing methods for especially maintaining consistent neutral gray cotors. As a result, any priming 
is system incorporating the subject invention substantially reduces the frequency requirements of full blown characteri- 
zations. 

lOOIflU Other benefils and advantages for the subject new methods and systema will become apparent to those 
skilled In the art upon a reading and understanding of this specification. 

20 Brief Description of ttie Drawl ngs 

[0019] The Invention may take physk5al fonn In certain parts and steps and arrangements of parts and steps, the 
prefenred embodimems of which will be descrlt>ed In detail In the specification and Hlustrated in the accompanying 
drawings, which form a part hereof and wherein: 

25 

FIGURE 1 is a schematic block diagram partkxjiarly illustrating the system Implementation of color control algo- 
rfthms for caBbradng a TRC for a color printer 
PIGURE 2 is a test pattern for building a K-TRC; 

FIGURE 3 is a flowchart Illustrating steps in constructing a K-TRC utilizing test patches of a varying K; and 
30 FIGURE 4 Is a flowchart Illustrating the steps for building a CMY-TRC. 

Description of the Pr e f e rred Embodiments 

[D020) Referring now to the drawings wherein they are shown for purposes of illustrating the preferred err^odlments 
35 of ttio Invention only and not for purposes of limiting same, the Figures show a method and apparatus for automatically 
calibrating a digital printing system utilizing a limited dynamic color balance control system. The Invention uses an on- 
line spectrophotometer ook>r measurement system in the output path of a cobr printer for measuring colors on printed 
test 8heet8/t>anner pages without requiring any manual operations or operator involvement. The automate color bal- 
ance control system produces tone values for all four of the primary colors by printing patches, measuring colors and 
40 automatk»lly readjustlngthetone reproductton curves until a satisfactory level of accuracy Is obtained. WhSe producing 
color balanced TRCs. the system will automaticaliy lock the printer output to some predetennined color patch targets. 
In one particular prefen^d embodiment, this output Is locked to neutral gray when targ^ colors are set to neutral gray 
inskle the digital front end (DFE). After conver^ng to the targets, the control system will return full TRCs for use inside 
the normal print path. The process Is enabled «therby the system controHer or by the user with minimal intrusion. The 
4B control system uses innovative control algorithms to achieve greater accuracy in the presence of uncertainties In the 
printing system. 

[0021] Fig. 1 depicts a block diagram representation of the overall system of th a subject irwention. The printer spec- 
ified in the system oomprisas a marking devk» 10 and a colorsensing device 12, although the Invention is not restrk:ted 
to maridng devtoes alone and any image reprodudng/displaytng system such as printers, monftore or other Imaging 

ao devices are Intentionally Included. In this applk:ation, the color sensing device 12 ts a spectrophotometer. The spec^ 
trophotometer provides spectral Infomrtation comprising a representative signal of the printed colore of the image and 
preferably comprises L*. a% b* values. XYZ, Luv, etc., values depending on the desired color description (c.f. copending 
Xerox application 0/9951 1 - Fred F. Hubble, i i I and Joel A. Kubby for adataiied description of such a spectrophotometer, 
herein incorporated by reference.) For this description, only L*, a*, b* coordinate space values are used for describing 

53 color. 

[0022] The digital front end (OFE) 1 4 comprises a conventional Image color separation path for processing an input 
image as specked in device independent parameters into CMYK printing parameters acceptable by the printer 10. A 
3D LUT 16 trensfomns the original image in devtoe independent space to CMY space. The CMY space is transformed 
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to CMYK space by undercolor romova^gray component replacement 18. Linearization of the Tone Reproduction Curve 
(TRC) 20 comprises a caJfcratlon and characterization process which Is the subject of the present appUcaMon. The 
particutar Hnearlzed signal resulting from the TRC la converted Into a hatftona Imaging before actual printing by the 
marking device 10. 

9 [0023] In most cases, r)»-RIPping (Raster Input Processing} of the Images is not required when the color balance 
can be achieved by merely adjusting the TRCs. It is a feature of the subject invention to achieve a particular output 
Image color balance, and therefore more accuFBAe output printing, by producing color balanced TRCe at convenient 
and desirable thrnes (typically during preset Intaivato lif» the beginning of a job or Ihroughout long jobs as periodically 
needed to maintain accuracy) to ensure that the requested coIofb can be produced. These TRCs ere generated by 

f 0 printing mbced color patches of specified target patches that are neutral, instead of printing patches with primary colors 
- CMYK. The RIPped image can then be processed with color balanced THCe easily inside the DFE 14 for facilitating 
the use of reprinting RIPped jobs without going through a costly and time consuming re-RtPpIng process. 
(0024] With continued reference to Fig. 1 . the processing system of the subject invention comprises a Color Balance 
Controller 24 Including a point-wise oontrolleiyinnaster color controller 28 for constiuctlng the calibraidon TRCs. The 
detailed construction of the TROs within a front end conversion process is primarity effected In two steps: (1) the K- 
TRC end then (2) the CMY-TRCs. 

[QQ2S] WHh particular reference to Figs. 1. 2 and 3, Rg. 2 niustmtes a test pattern for building the K-TRC. TTie test 
pattern comprses a plurality of fidudal marfcs 30 which are read by a fiductal mark sensor (not shown) to create trigger 
signals for the test patches 32 for the measuring of output vnages generated by the printing device 1 0 in response to 

so the input test pattern . wh ereln the priming 40 of the peiohes is intended in the subject example, to be hi varying degrees 
of gray. I.e., a* = = 0, and K ksetween 0 to 100%. Other colors could also be used such as the colors near neutral 
gray with chroma greater than zero. Although Rg. 2 only illustrates ten patches, a varying number of patches or test 
pages can, of courae, be used. The color L*, a*, b* values of the output patches are measured 42 by the eensor 12 
using the input K values of the Input test target data and the measured values (a* and b* values are discarded from 

S5 this measurement since the inaccuracies caussd t>y dropping a* and b* values ara talcen care of by the CM Y-TBCs). 
A smooth one-dlmcnsional Input K to L* function can be constmcted 44. Construction of the K-TRC is accomplished 
for calibrating the output K neutral grays to the desired target Input neutral grays by Inverting the detennlned function 
around the linear 46 degree line between Input K and output L*. Such Inversion Is required to linearize the printing 
system for producing reasonably good black. The exact shape of the K-TRC, especially near the endpoints, can be 

30 altered to suit any particular customer's need using any of several data smoothing and normalization algorithms, well 
known to those of ordinary skill in the art. 

[0026] With continued reference to Figs. 1 and 4, the construction of the CMY-TRCs Is slightly more complicated. 
The point-wise closed-loop color controller 26 is used to obtain CMY-TRCs from similar test target patterns to that 
lltustrHted In Fig. 2 except that the test patterns comprise patches having K equal to 0 and a preselected number of 

s» mixed cotor patches with appropriate CMY vafues. The desired CMY values are determined iteratJveh^ by using the 
subject color afgorithm to track the target color patches shown by the input arrow 27. The particular problem in the 
CIWY-TRC construction process Is that the measured (step 62) L*. a*, b* comprise a measurement of three parameters 
(not just the one as In K«TRC conatrw^on); however, conceptually for a neutral gray, a* « b* » 0, so one can simplify 
a curve correction from a three parameterthree-dlmenslonal lookup table to a set of three one-dlmenslonal adjustment 

40 cun^. In other words, and for example, lor a neutral gray output having an value of SO, one can nomialiy assume 
that CsMsYbSO (on a scale related to, but not equal to. L*,} and the measured value shouM be L* = 60 and a' = b* ^ 
0. When an actual output has a* and b* values for a target neutral gray, the color values need to be acQusted through 
the subject closed loop control system to generate the appropriate neutral gray output, which In this example, would 
be L* s 60. In this case, for example, the C, Ml and Y could be adjusted to values other than 50 to accommodate the 

43 parttoular printing operation of the subfect printing devtee so that the eventual output would essentially achieve some 
CMY mix which would have a neutral gray output of L* = 50 for the partk:ular printer 1 0. The comparison (step 54) of 
the target test patches with the measured values of the printer output from sensor 12 are compared at comparator 28, 
and the dtfTerence transformed with a multi-input, multi-output controller 80 for outputting a transformed error vector. 
The Input representing the target colors (again, In this particular example, L* values ere between O to 1 00 and a* and 

so b* vaiuas are equal to zero) is also fed to a look-up table 82. This look-up table could be an approximate Inverse of 
the printer (l.e. , L*. a*, b* CMY) or simply L* = C= M = Y. U^ng the output of the look-up table, first prints of the patches 
ara made. At the summing node 28 the input target values are then compared to the nneasured colors to obtain the 
error. The output of the first summing node Is an error signal representing the difference between the desired target 
color and the output color which is fed as an output to a gain matrix K within controller 28 and then that output is 

35 processod through an Integrator The Integrator Integrates the weighted enors and outputs corrections to the value 
that Is the output from the look-up table. If we assume k as the Iteration step, the equations solved fay the Integrator 
and the gain matrix for each controlled point [single color] are respectively; 
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V,(k)»V,(k-1)+lJ,(k) 

Ui(k)=K,E,(k) 

Whore 



K: Is an ittimatrfxof dimensions 3x3 

L^, a*], bi* are color vdues of th number of patchee wflh 1» color patch numbers between 1 toN 

V;(k) ts a function giving rise to delta for C, M. Y values 
f5 i indicates target values, m indicates measurad values and T Indicates matrix Iranapose. 

The matrix K, is predetermined from a first set of Input-output characterization of the printer for each control point 
end Is stored In a memory (not shown) of the controller 26. 

[0027] The L*. a*, b* CM Y values are used beside the "Interpolate and construct TBC" block 84 to buiW smooth 1 D 
20 TRC (unctions. Since the point-wise controller does not woric very well at the gamut boundaries. It will be desirable to 
include new ways to shape the TRCs at the boundaries of the TRCs. The desired final shape or response of CMY- 
TRCs to cause the color Image to print correctty is an option not shown in the Figures, Tlia currant embodiment makes 
these approximately linear In L* with aome appropriate smoothing near the boundaries for adjusting highlight and 
shadow colors. 

23 [0028] The Iterative process of adjusting (step 56} CMY values 85 to convefge from the corresponding measured 
output L*, a*. b* values to target colors, generates the set of controlled points tor a CM Y-TRC which accurately represent 
a devtee 10 operation. The CMY-TRCs are then conatmcted from the controlled points by the mapping of target colore 
(L*. a*. b* to CMY), In particular when neutral gray colors are used as target cotora, mapping of input L* to CMY values, 
from the acceptable Iterations for accurate and desired points on the TRC curves. Iterations can occur until the detected 

30 ditferences by comparator 28 between the target values and actual output values are less than a predetennined value. 
The construction (step 68) of a fuH color and fully calibrated CMYK-TRC is also effected by processing block 84 through 
the compilation of the controlled points from the previously constructed K-TRC and the controDed points of the CMY< 
TRC. Uncontrolled points that are in between the control points are constructed using well known linear intoipolation 
techniques. 

35 [0029] The f uHy constmcted CMYK-TRCe 86 are provided to the digital front end 1 4 of the system 4 Implennentation 
as calibrated and accurate TRCs of the devtee. 

[0030] This technology Is also appik»ble to construct TRCs for printing systems with more than four primary colors, 
such as liquid ink printing systems utilizing custom colors having a greater range of prin^ry cotors than most conven- 
ttonal systems. 

40 [0031] What has been disdoeed is a technique for controlling the color automatcally and accurately, in partnular, 
by referendng the control of neutral gray, by using insitu color sensing and dosed loop control algorithms. When 
Implemented, It enables the automadc generation of TRCs whk:h are applied to images insMe the DFE. Different inks, 
variability In manufacturing, tribo , slight changes in media temperature, humidity, etc. (caused due to zonal differences) 
can lead to unacceptable print quality. The proposed method of on-line computation of the TRCs can fix this problem 

4s - without even a user/customer knowing it. The control procedures are executed on-line at a user's disGretlon. through 
banner pages, or periodtoally at aome predetermined Intenrals to produce comected CMYK-TRCs so that the colors 
are maintained to within acceptable limits. 

[0O32] Although the above has described the usa of a spectrophotometer, it couki also be used In a colorimeter, 
which uses only three light sources and can therefore be considered a defeatured, low accuracy and lowest possible 
30 cost spectrophotometer. 

[00331 The Invention has been described with refierence to the preferred embodiment. Obviously, modifteadons and 
alterations will occur to others upon a reeding and understanding of the specif k:ation. It is our Intention to Include all 
such modifcations and alterations insofar as they come virfthin the scope of the appended claims or the eqtJivalents 
thereof. 
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Claims 

1. A method for calibrating a dynamically varying color raproduction davice from an output Image generated in re- 
sponse to a target test including steps of: 

s 

produdng an image with the device In response to an input signal from the test target wherein the teat target 
comprises a preselected color; 

measuring with a aansor an output signal representative of the output Image corresponding to the target prese- 
lected odor; 

10 detennining an error between the oolor of the Image and the target preeeieoted color; 

adjusting a tone reproduction curve CTRC) of the device to minimize the determined errorfor a plurality of the 
preselected colors only, wherein a set of desired controlled points on theTRC are formed; and, 
constructing a full color TRC for the device from the controlled points for calibrating the device color output 
whereby the device is ea^edlOously calibrated. 

15 

2. The method as defined In dakn 1 wherein the device Includes the sensor on-lne and the oonstructing oomprfeee 
in real tfene operating of the device from measuring the preselected colors on test sheets or banner pages. 

3. T^e method as defined In dahi 1 wherein the adjusting comprises recursively detemnlnfng the error until the error 
so is less than a predetermined value. 

4. The method as defined In dalm 1 wherein the adjusting oonrtprlses recursively detemiining the enror for a prede- 
termined number of Iterations. 

29 5. The method as defined in dalm 1 wherein the constructing comprises interpolating uncontrdled points between 

the controllad points. 

6. The method as defined In dalm 1 wherein the presdected colors comprise neutral grays. 

so 7. The method as defined In claim 6 wherein the adjusting comprises the sensing of black K test patches for the 
constnjcting d a b^ack K-TRC. 

8. A color marking device induding a control system for calibration of the devloe based upon dynamic odor balance 
control of an output Image, the system comprising: 

3S 

a front end converter for converting an Input signal representative of a target Image corrpdsing a preselected 
color Into a devica-ctependent control signal In accordance with a device TRC; 
a color marking davice for outputting an output image in response to the control signal; 
a sensor for measuring a parameter from the output image representaiWe of a color of the output Image; and, 
40 a polnt-wisa controller for comparing the parameter with a corresponding parameter from the target Image 

and cofistructing adjusted controlled points for the device TRC when the measured parameter and the corre- 
sponding parameter vary by a prasalectBd value, 

a color balance controller for oonstruding an af^usted davica TRC from the controlled points, 
wherd>y subsequently generated output images are output with the adjusted device TRC and, mors accurately 
43 represent tarsot input imagss. 

5. A system for on-line calibrating a cdor maildng device by dynamic color control of predetermined color test patdies, 
comprising: 

50 an on-line sertsor for detecting a parameter directly relating to and representing a colorimetric value of an 

output image from the deVK» corresponding to an input predetenmined color test patch; 
a point-wise controllar for detsnmlning unacceptable limits between the detected parameter and a correspond- 
ing parameter dthe input predetermined cok>rtest patoh and for constructing controlled points for the marking 
device relatively adjusting a control signal representing the corresponding predetermined color test patch, 

55 wherein a subsequent output image matches tha test patch within acceptable flmlte; and, 

a color balance controller tor constructing a device TRC from the controlled pdnta whereby the device is full 
color calibrated by real time constructing of the device TRC. 



7 



PAGE long * RCVD AT 6/22/2006 6:29:35 PM [Eastern Daylfght Time] * 8VR:U8PTO-EFXRF-5/14 * DN18:27a8300 * C81D:36D 212 3060 * DURATION (mm-ss):11-3a 



06/22/20Q6 02:55 PM 



HP Lesa I . Vane 



360 212 3060 11/29 



EP1 152 598 A2 

10. The system as defined in claim 9 wherein the point-wise controlEer includes a gain matrix K and an integrator for 
solving the equafions V|(k)«Vi(k-1 KUiW and 

^ Uj(k>:K,E,Clc) 

wherein 

Ei(k)=-[L*{-L*r a*.*-a*r b*;-b*r]'', 

Ki 18 an ilti matrix of dimensions 3x3, 

V;(k) Is a function giving rise to delta for C, M, Y values. 

15 L% a*,, b|* ana color values of hh number of patches with I = color patch numbers between 1 to N, 

t Indicatss target values, m IndicaKos measured values and T Indicates matrU transpose. 
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FIG. 2 
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